Clinical Points
===============

1.  ▪ Patients in psychiatric day treatment programs may have a high prevalence of abnormal electrocardiograph (ECG) findings, especially conduction disorders (widened QRS complexes and prolonged QTc intervals).

2.  ▪ Clinicians caring for patients taking medications that affect the cardiac conduction system or lipid profiles should consider monitoring their patients' ECGs.

3.  ▪ Although psychiatric medications may have relatively little cardiac toxicity in recommended doses, they may predispose to serious ECG findings if taken in high doses or as an overdose.

Although the increased mortality among patients with psychiatric disorders has been reported by numerous investigators,[@bib1]--[@bib6] the mortality gap between patients with mental illness and those without has remained wide.[@bib7] Reasons for this disparity include accidents, lack of self-care, violence, and suicide. There is also advanced risk due to poverty, smoking, and lack of exercise.[@bib8] However, less attention has been directed toward medical disorders that accompany psychiatric illness, many of which may be attributed to side effects from psychotropic medications,[@bib8],[@bib9] including weight gain, prediabetes, and dyslipidemias. Thus, while the psychiatric patient may have many risk factors, it is not clear that our care systems identify this risk or work assertively with our patients to modify it.

Hennepin County Medical Center (HCMC), Minneapolis, Minnesota, recently started a program in Medical Psychiatry to integrate medical and psychiatric care for patients with mental illness. In this program, we have placed an internist in a psychiatric outpatient setting, the day treatment program. Patients usually enroll in the day treatment program after prolonged psychiatric hospital stays. The program consists of daily care on weekdays, with group therapy sessions and other programs aimed at improving the patient's ability to function. In 2011, after noting premature coronary artery disease and abnormal electrocardiograms (ECGs) among a small number of psychiatric outpatients, the authors decided to systematically review medical records of day treatment patients to determine the prevalence and nature of ECG findings. Our hypothesis was that ECGs performed on our psychiatric outpatients would display abnormal findings that might explain, in part, the premature mortality of patients with mental illness. We secondarily sought to determine if some medication classes would be overrepresented among patients with abnormal ECGs and if cardiovascular outcomes were more prevalent in this subgroup.

METHOD
======

This was a cohort study of all patients (N = 96) seen in the psychiatric day treatment program at HCMC for the first time between February 3, 2011, and June 20, 2011, with ECGs performed between March 25, 2010, and September 6, 2011. ECG findings were the primary outcome measure. Data were collected through an electronic medical record database, Clarity (Epic, Verona, Wisconsin). A preliminary chart audit of 10 charts showed that Clarity was accurate in terms of age, sex, and ethnicity but had discrepancies in assessing diagnoses (through problem lists) and medications. We thus performed a chart audit of 50% of the records of those who underwent ECG testing to assess disagreement rates in determining diagnoses and medications and to use these data to improve the methods with which data were drawn from Clarity.

All ECGs were assessed by one investigator (M.L.), a general internist at HCMC. The investigator first reviewed the interpretation from the cardiologist who had reviewed the ECG for the medical record.

The final reading was determined by the investigator; but in cases in which the investigator felt there was uncertainty (eg, nonspecific Q waves versus an old myocardial infarction \[MI\]), the ECG was reviewed by a cardiologist (G.S.). *Abnormal ECG findings* were categorized as (1) conduction disorders (heart block, bundle branch blocks, intraventricular conduction defects \[QRS ≥ 105 ms\], prolonged QTc intervals \[≥ 450 ms in males and ≥ 460 ms in females\], and paced rhythm); (2) arrhythmias (sinus bradycardia ≤ 50bpm, sinus tachycardia ≥ 120 bpm, atrial fibrillation, multiple premature ventricular contractions); (3) coronary artery disease (evidence of Q wave infarcts); (4) nonspecific T wave abnormalities; and (5) structural abnormalities (left or right ventricular hypertrophy). A separate category, *borderline findings*, included low voltage, sinus bradycardia (\> 50, \< 60 bpm), sinus tachycardia (\> 100, \<120 bpm), early repolarization, and nonspecific Q waves. Remaining ECGs were considered normal.

Because several patients had multiple ECGs, we constructed a hierarchy to determine the *most abnormal ECG* (to provide a date for assessing diagnoses and medication use at the time the ECG was performed). The hierarchy was (1) acute ischemia (most abnormal), then (2) serious arrhythmia, (3) conduction disorder, (4) coronary artery disease (prior MI), (5) structural abnormalities, (6) nonspecific T wave findings, and (7) borderline findings. Patients with multiple abnormalities moved up the scale for most abnormal ECG, and in the case of ties (eg, each ECG had 2 abnormalities), we used the ECG with the widest QRS, the longest QTc, or the most abnormal-appearing T waves.

To determine the *reason the ECG was performed*, 2 investigators (M.L. and K.B.) reviewed the charts of the 37 patients who had ECGs performed. Consensus was reached on a reason for the ECGs being performed in all cases. They were then summarized into 4 categories: (1) chest pain/dyspnea, (2) overdose/altered mental status, (3) routine/preoperative, and (4) other. For determining *medication use*, we used Clarity to assess medications at the time of the most abnormal ECG, and then 2 of us (M.L. and P.Y.) performed chart reviews of 50% of the 37 patients (about 10 patients each) who had ECGs performed. Discrepancies in medications were used to improve the specificity of the data pull from Clarity; medication lists were then revised for all subjects. The overall discrepancy rate was 7.3%, in part due to lack of consistency between medication lists and medications listed in notes from clinics, the emergency department, or the hospital. Medications were then subclassified into medication classes (eg, antipsychotics, opiates, anticonvulsants, and antidepressants) under the supervision of P.Y., a clinical pharmacist and informaticist. Problem lists were retrieved through Clarity to determine diagnoses at the time of the most abnormal ECG as well as subsequent cardiovascular diagnoses (syncope, presyncope, palpitations, tachycardias, MI, cerebrovascular accidents \[CVAs\], coronary artery disease, or death) and serious cardiovascular diagnoses (MI, CVA, or death) during follow-up (mean length of follow-up = 18.6 months).

We then performed a chart audit of 50% of the charts to assess the accuracy of the problem lists by comparing them with clinical notes (disagreement rate = 23.5%). Disagreements were due to problem lists having similar diagnoses listed in multiple manners, many nondiagnoses listed (eg, health maintenance examination), and missing new diagnoses (eg, diagnoses established during an emergency department visit). The final list of diagnoses used the problem lists, but we note the disagreement rate as a limitation on the accuracy of these lists. To portray the diagnoses, we collapsed them into categories (eg, cardiovascular, gastrointestinal, and endocrine). Fisher exact test (2-tailed) was used to compare medication use and rates of new and serious cardiovascular diagnoses in patients with abnormal versus normal ECGs. We also used Fisher exact test and analysis of variance to compare characteristics of those patients with abnormal ECGs to those with normal ECGs and to the larger group of patients who did not have ECGs performed.

RESULTS
=======

Of 96 patients in the day treatment program, 37 patients had 92 ECGs performed. Of these 37 patients, 26 (70%) were female, 24 (65%) were 50 years of age or younger, and 20 (54%) were persons of color---African American (n = 15), multiracial (n = 3), Native American (n = 1), or other (n = 1). Thirty-one of the 37 patients had diagnoses listed on their problem lists at the time of the most abnormal ECG. The most frequent diagnosis was psychiatric (26 of 31 or 84%), followed by rheumatologic/musculoskeletal (58%), GI (52%), and endocrine (48%). Seventy-seven percent of patients had at least 1 diagnosis that did not fit into 1 of 16 subcategories. ECGs were usually performed for clinical concerns: 46% of the most abnormal ECGs for each patient were performed for chest pain or shortness of breath, 27% were performed in the setting of an overdose or altered mental status, 11% were "routine" or "preoperative," and the remainder (16%) were for other reasons.

Of the 37 patients with ECGs ordered, 20 (54%) had abnormal findings, 7 (19%) had borderline findings, and 10 (27%) had normal findings. Thus, at least 21% (20 of 96) of the total population had abnormal ECG findings. [Table 1](#tbl1){ref-type="table"} shows findings from the most abnormal ECG in the 3 categories abnormal, borderline, and normal. Because ECGs often had more than 1 abnormality, the number of abnormalities is greater than the number of patients for whom ECGs were performed. Conduction defects were the most prevalent abnormalities, occurring in 13 of 20 patients (65%) with abnormal ECGs. These were predominantly prolonged QRS complexes (nonspecific intraventricular conduction defects with QRS ≥ 105 ms) or prolonged QTc intervals (≥ 450 ms in males and 460 ms in females). QRS intervals ranged from 105 to 145 ms, with 4 of 6 patients having intervals of 115 ms or longer. QTc intervals ranged from 457 to 520 ms, with 4 of the 6 patients having intervals longer than 470 ms. Of the 20 patients, 6 (30%) had evidence of prior MI, and 4 (20%) had an arrhythmia. Seven patients had 8 borderline ECG findings, including low voltage, sinus tachycardia \< 120 bpm, early repolarization, and nonspecific Q waves. Of the 37 patients, only 10 (27%) in whom an ECG was performed had a normal ECG.

###### 

Findings on Most Abnormal Electrocardiograph (ECG) in Each of 37 Patients in a Psychiatric Day Treatment Program

  Most Abnormal ECG                                          Total No.[a](#tblfn1){ref-type="table-fn"}
  ---------------------------------------------------------- --------------------------------------------
  **Conduction disorders**                                   **13**
  First-degree, second-degree, or third-degree heart block   0
  Bundle branch block                                        0
  IVCD (prolonged ≥ 105 ms)                                  6
  Long QTc (men, ≥ 450 ms; women, ≥ 460 ms)                  6
  Paced rhythm                                               1
  **Arrhythmias**                                            **4**
  Sinus bradycardia (≤ 50 bpm)                               1
  Sinus tachycardia (≥ 120 bpm)                              2
  Atrial fibrillation                                        0
  Multiple PVCs                                              1
  **Ischemia**                                               **6**
  Anterior MI                                                3
  Inferior MI                                                3
  Lateral MI                                                 0
  **Nonspecific T wave abnormalities**                       **2**
  **Structural abnormalities**                               **1**
  LVH                                                        1
  RVH                                                        0
  **Borderline findings**                                    **8**
  Conduction disturbance                                     0
  Low voltage                                                1
  Bradycardia \> 50, \< 60 bpm                               0
  Tachycardia \> 100, \< 120 bpm                             2
  Early repolarization                                       1
  Borderline LVH                                             0
  Nonspecific Q wave                                         4
  **Normal (none of the above)**                             **10**

Because ECGs often had more than 1 abnormality, the number of abnormalities is greater than the number of patients for whom ECGs were performed.

Abbreviations: IVCD = intraventricular conduction defect; LVH = left ventricular hypertrophy; MI = myocardial infarction; PVC = premature ventricular contraction; RVH = right ventricular hypertrophy.

The 20 patients with abnormal ECGs were about the same mean age as those patients with normal ECGs (47 vs 45 years) but considerably older than the larger group who did not undergo ECG testing (47 vs 37 years, *P* \< .001). The mean number of comorbidities was also greater in the abnormal ECG group than in the larger group without ECG testing (10.0 vs 3.8, *P* \< .0001).

Patients were typically taking numerous medications (mean number of medications per patient in the 37 patients with ECGs performed = 15.3). We utilized standard subcategories to classify medications (eg, antipsychotics, opiates, anticonvulsants, antidepressants, quinolones) and dropped from consideration all medication groups that were unlikely to affect the ECG. We then dropped from consideration medications that were used in a very small number of patients. We then compared the use of medications in 4 remaining subclasses between patients with normal and abnormal ECGs. The categories were antipsychotics, opiates, anticonvulsants, and antidepressants ([Table 2](#tbl2){ref-type="table"}). Interestingly, there was no difference in antipsychotics between the 2 groups. Anticonvulsants were used in 40% of the patients in the abnormal ECG group and 20% of the patients with normal ECGs, but this difference was not statistically significant (*P* = .42). Antidepressants were used more often in patients with abnormal ECGs (85% of the abnormal ECG group, versus 50% of patients with normal ECGs), but this difference was also not statistically significant (*P* = .07), perhaps due to the small sample size. Opiates were more often seen in the abnormal ECG group than in the larger untested group (55% vs 19%, *P* \< .01).

###### 

Medications Taken at Time the Most Abnormal Electrocardiographs (ECGs)[a](#tblfn3){ref-type="table-fn"} Were Performed

  Medication Class   Abnormal ECG, n (%) (n = 20)   Normal ECG, n (%) (n = 10)   No ECG, n (%) (n = 59)   *P* Value (normal vs abnormal)   *P* Value (abnormal vs no ECG)
  ------------------ ------------------------------ ---------------------------- ------------------------ -------------------------------- --------------------------------
  Antipsychotic      10 (50)                        5 (50)                       38 (64)                  1                                .29
  Opiate             11 (55)                        5 (50)                       11 (19)                  1                                \< .01
  Anticonvulsant     8 (40)                         2 (20)                       23 (39)                  .42                              1
  Antidepressant     17 (85)                        5 (50)                       39 (66)                  .07                              .16

Patients with borderline ECGs (n = 7) not included.

Cardiovascular diagnoses were found at the time of the most abnormal ECG in 5 of the 37 patients (14%). New cardiovascular diagnoses occurred in 6 patients, and only 2 of these cardiac outcomes were severe (stroke and death). There was no difference in the rate of new cardiovascular diagnoses or in severe cardiac outcomes in those with normal versus abnormal ECGs (*P* value = 1).

DISCUSSION
==========

In this study of 96 patients in a psychiatric day treatment program, we found that 37 patients who underwent ECG testing had a high prevalence of abnormal ECGs, with the most common abnormality being conduction disorders. "Older" patients (mean age = 47 years) with more medical diagnoses appeared to be a higher-risk group. Many of the findings were seen in the setting of a medical emergency such as altered mental state or drug overdose; thus, these findings may represent the risk of psychotropic medications under situations of excess use. Our findings will require replication in other settings and larger samples in order to ascertain the true prevalence of ECG abnormalities in a day treatment population. Whether the defects that were identified by these ECG findings contribute to the premature mortality seen in patients with mental illness likewise remains to be determined.

In a study of 103 psychiatric outpatients in Great Britain in 2005,[@bib10] only 2 of 65 patients who underwent ECG testing (3%) had a prolonged QTc. Our rate was considerably higher (6 of 37 patients, or 16% of those tested). As to why our rate is so much higher, cutoffs for QT prolongation in the British study were somewhat higher (470 ms in females) than in ours, and geographical variation in types of drugs may have played a role. Hollister[@bib11] looked at 1,006 consecutive psychiatric inpatients screened with ECG testing and found 6 (\< 1%) with prolonged QT intervals. An older British study[@bib12] found ECG abnormalities in 42% of 140 schizophrenic patients taking phenothiazines, with the most common findings being ST and T wave changes, P-R and QT interval prolongation, sinus tachycardia, and bundle branch block. Thus, multiple studies agree that the ECG may be a sensitive indicator of cardiac risk in psychiatric patients, but the degree of this risk appears to be variable.

When comparing our patients' rates of ECG findings to those in the general population, the conduction disorder prevalence was considerably higher in our day treatment patients. We had 6 patients with prolonged QRS complexes (6 of 96, or a 6% rate) and 6 with prolonged QTc intervals (also 6%). In the Framingham study,[@bib13] about 1%--3% of people under 60 years of age had a mildly prolonged QRS (100--110 ms), and in 2 studies assessing prevalence of long QT syndrome, the community rate was about 1 in 2,000, or 0.05%.[@bib14],[@bib15] Larger studies will be required of psychiatric day treatment patients, however, to assess true prevalence rates of these ECG findings.

Patients who underwent ECG testing in this study often did so for a reason, usually chest pain or shortness of breath or in the setting of a drug overdose or altered mental status. Thus, these ECG findings may well have been related to the patients' presenting clinical scenario. Our data should thus not be used to infer that symptom-free patients would have these findings. However, the abnormal ECG findings do show that the day treatment population may be a group at risk, either for disorders associated with chest pain and shortness of breath or for taking excess doses of medication and compromising the ECG in that manner. The ECG cost (for performance and interpretation) at HCMC is \$172; this would be a cost effective test if it were to prevent any significant adverse cardiovascular outcomes.

The proportion of patients with ECGs performed (37 of 96) is relatively low, and the absolute number of patients with ECGs performed (37) is small. Thus, our data must be viewed with caution in terms of extrapolating to larger populations. In a sense, they define a case series of patients in a day treatment program with unanticipated ECG abnormalities. We hope our study will prompt larger-scale investigations of psychiatric inpatients and outpatients to assess electrocardiographic findings and cardiac risk. Only then will we know if assessing ECGs in psychiatric patients will provide important diagnostic information.

*The Medical Letter on Drugs and Therapeutics* has recently written about drugs that prolong the QT interval, how women are at greater risk, and which classes of non-psychiatric medications (eg, antiarrhythmics, antibiotics, and opiates) prolong the QT interval.[@bib16] Psychiatric patients may thus be put at risk by a psychotropic medication that prolongs the QT interval and then may receive other medications (quinolones or opiates) or develop electrolyte abnormalities (hypokalemia and hypomagnesemia) that prolong it further. Gupta and colleagues[@bib17] discuss mechanisms of drug-related QT prolongation, and note key risk factors to take into account when prescribing such medications: female sex, structural heart disease, hypokalemia, multiple QT-prolonging drugs or drugs that interfere with their metabolism, higher drug doses, prolonged baseline QTc, a family history of long QT syndrome or sudden death, and prior history of drug-related torsades de pointes. Gupta et al also note that liver disease, bradycardia, and atrioventricular block can further increase the risk. Finally, Gupta et al state that patients should be counseled about these risks. Abdelmawla and Mitchell[@bib18] discuss sudden cardiac death and antipsychotics and make the case for monitoring and prevention. They suggest that clinicians need to be able to read the ECG and assess the risk for prescribing psychotropic medications. Our findings in [Table 1](#tbl1){ref-type="table"} show that conduction disorders, including a widened QRS and prolonged QTc, are relatively common findings and should be taken into account when prescribing medications.

[Table 1](#tbl1){ref-type="table"} also shows the presence of prior MI in several patients. This prevalence is striking given the young age of the majority of patients. Future studies from our group aim to focus on disturbances in the metabolic environment that might, along with smoking, substance use, and lack of attention to diet and exercise, predispose our patients to premature cardiovascular disease.

[Table 2](#tbl2){ref-type="table"} shows that antidepressant use was very common (85% of patients) in the abnormal ECG group and found in only 50% of the normal ECG group. This finding was of borderline statistical significance (*P* = .07). Older studies looking at antidepressant use, the ECG, and cardiac risk in psychiatric patients[@bib19],[@bib20] have demonstrated cardiac effects during overdoses, with lesser effects seen during usual outpatient treatment. Recently, some selective serotonin reuptake inhibitor medications have received warnings about QT prolongation in high doses.[@bib21] Larger studies that assess the risk of newer antidepressants will be welcome to determine if they have more cardiac risk than previously demonstrated. Opiate use was somewhat more common in our abnormal ECG group versus the larger untested group (55% vs 19%). Whether this defines a higher risk category also remains to be determined. Additional consideration should be given to the possibility that medication use and association with ECG findings may be an epiphenomenon wherein the diagnosis for which the medication is prescribed (eg, depression) is linked with underlying heart disease, rather than the medication causing or unmasking it.

While the absolute prolongation of the QTc intervals in our patients was not excessively long (ie, only 1 patient had a QTc longer than 500 ms), Beach and colleagues[@bib21] make 2 points about QTc intervals and psychotropic medications that are relevant in this regard. First, there is a diurnal variation in QTc that can be as wide as 75--100 ms; thus, modest prolongations at baseline may be quite a bit higher 12 hours later. Second, the risk of serious arrhythmias such as torsades de pointes, for some medications, may not be correlated with the duration of the QTc. This may be due to the fact that some drugs prolong the QTc in a heterogeneous manner (some myocardial areas being affected more than others) and, in these circumstances, the results are more proarrhythmic.

Pincus and colleagues[@bib22] discuss quality measures for the long-term care of psychiatric patients. Their first quality measure (safety) concerns use of medications that affect the metabolic environment. Other proposed measures include effectiveness of systems of care (eg, patient registries and depression screening), patient-centered care (patient experience), timeliness (eg, for chemical dependence treatment), and equity (with respect to disparities in care). The metrics of Pincus et al dovetail well with our findings: the psychiatric patient is at risk, and standardized systems of care, including cardiovascular assessment and monitoring, will very likely be needed to promote long-term safety. Likewise, Zareba and Lin[@bib23] propose ongoing monitoring for psychiatric patients with prolonged QTc intervals (\> 0.45 sec), with repeated ECGs after first dose of an antipsychotic drug and close monitoring of potassium and magnesium levels. Glassman and Bigger[@bib24] propose baseline ECGs in older patients, especially those with underlying cardiac disease or those taking drugs known to prolong the QT interval.

We urge others who care for psychiatric outpatients to be cognizant of cardiac risk in this population, and we encourage larger-scale studies to better define the degree of risk and the best systems of care to attenuate it.
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